Section 1. Additional Experimental Detail
Materials. Purification of acetonitrile (Sigma-Aldrich, HPLC Plus, ≥99.9%) and CD 3 CN (Cambridge Isotope Laboratories, Inc., 99.8% D) solvents was achieved by first refluxing over KBH 4 for several hours and then distilling into a collection vessel. On a high-vacuum line (diffusion pump vacuum), the solvent was then freeze-pump-thaw degassed followed by vacuum transfer onto activated 3Å molecular sieves. After sitting over the sieves for at least a few days, the solvent was vacuum-transferred into an airtight vessel, which was then placed in a nitrogenfilled glovebox (MBraun) for the preparation of solutions.
Tetrabutylammonium hydroxide solution (Sigma-Aldrich, 40% in water, for ion chromatography), tetrabutylammonium acetate (Sigma-Aldrich, 97%), and aqueous H 13 
COOH
(Cambridge Isotope Laboratories, Inc., 99% 13 C, 3.7 wt% H 2 O) were used as received. A mixture of 10% 13 CO 2 in argon balance gas was prepared in a small cylinder using 13 CO 2 (SigmaAldrich, 99 atom% 13 C, <3 atom% 18 O) and argon (Airgas, HP grade). A commercial, certified 10% CO 2 in nitrogen balance gas mixture (MG Industries Scientific Gases) was used as received.
Since the solubility of CO 2 in dry CH 3 2 and fac-ReCl(bpy)(CO) 3 (bpy = 2,2′-bipyridine) 3 were synthesized according to previously published procedures. Computational details. DFT calculations were performed using the Gaussian 09 program (Revision D.01). 4 Geometry optimizations were performed using the default convergence criteria without any constraints. The B3LYP hybrid functional [5] [6] [7] [8] was used together with the 6-31G(d,p) basis set. 9, 10 All geometry optimizations were carried out in acetonitrile solvent, which was treated by the conductor polarizable continuum model (CPCM) employing Bondi radii. [11] [12] [13] Frequency calculations were employed to characterize the stationary points as minima, and to predict IR frequencies. All other pulse radiolysis experiments with visible and/or near-IR transient absorption (TA) detection were performed at the 9 MeV BNL Laser Electron Accelerator Facility (LEAF). For these experiments, LEAF was operated in 'picosecond' mode with electron pulses that are <50 ps in duration. 14 Samples were prepared in a N 2 -filled glovebox (MBraun) in a 2 cm path length concentration, a gas mixture consisting of a well-defined CO 2 /N 2 ratio was prepared by mixing the outputs from two mass flow controllers (MKS Instruments, Inc.) that were fed by gas cylinders containing pure N 2 and a certified mixture of CO 2 in N 2 , respectively. The resulting mixed gas of known CO 2 composition was gently bubbled through the liquid in the optical cuvette for 20 min. For solutions containing a fixed concentration of ReCl(bpy)(CO) 3 , the gas was passed through a pre-bubbler containing dry CH 3 CN before entering the cuvette, in order to prevent evaporation of the solvent and a change in concentration of the rhenium complex. The concentration of dissolved CO 2 in the CH 3 CN was calculated based on the published 0.28 M/atm solubility of CO 2 in dry CH 3 CN. 1 A detailed description of the pulse radiolysis-TRIR apparatus at LEAF, together with the sample handling and solution preparation techniques, has been published elsewhere. 15 For the experiments reported here (Figures 1 and 2 , main text), a cell with path length of 1.93 mm was employed. With our quantum cascade laser (QCL)-based TRIR detection system, the measurements around the 1605 cm . Time-resolved step-scan FTIR spectra recorded after pulse radiolysis were measured in the same manner as previously reported, 16 but with 2 s electron pulses from the Van is in general agreement with those obtained previously using the same generation method. [28] [29] [30] [31] The fairly strong, broad, and rather featureless absorption below 350 nm observed in neat argon-purged CH 3 CN must belong to a medley of the solvent-derived radicals. This absorption is only slightly affected by adding CO 2 . Although CO 2 completely scavenges the solvated electrons as evidenced by the lack of the 550 nm band, no additional absorption appears in the 220-240 nm region, as would be expected if the spectra of CO 2
•-in CH 3 CN and H 2 O were similar. On the other hand, some additional absorption observed around 275 nm is likely to belong to CO 2
•-provided its spectrum in CH 3 CN is strongly red-shifted from that in water. This assignment is supported by the observations of Aylmer-Kelly at al. 32 Using the sensitive technique of modulated specular reflectance spectroscopy to probe the electrochemically-generated CO 2 reduction intermediates near a lead cathode-solvent interface, these workers detected the appearance of absorption bands around 250 nm in water and 270 nm in CH 3 CN upon the cathodic current application, which was attributed to free (not adsorbed) CO 2
•-in both solvents. Even if our tentative assignment of the additional absorption around 275 nm in Figure S3 to CO 2
•-is correct, the strongly obscuring transient absorption observed in neat CH 3 CN makes the use of the UV spectral region in pulse radiolysis studies extremely difficult. The so-called "Electron Convention" with its assignments of zero enthalpy and Gibbs free energy of gaseous electron (e -(g) ) formation at all temperatures and a 1.481 kcal/mol integrated heat capacity of the gaseous electron at 298 K 33 has been adopted for all gaseous ions at a standard temperature of 298 K and pressure of 1 bar. This convention is consistent with the NBS and JANAF thermochemical tables 34, 33 used throughout this paper.
Consider the CO 2
•-formation reaction,
The 298 K standard formation enthalpy of CO 2
, can be obtained from
the adiabatic electron affinity of CO 2(g) (EA a = 0.6 ± 0.2 eV (13.8 ± 4.6 kcal/mol) 35 ), and the integrated heat capacity of 1.48 kcal/mol for e -(g) ; that is,
The Gibbs free energy of CO 2 •-(g) formation is given by,
Assuming translational, rotational, and vibrational entropies to be the same for CO 2 •-(g) and CO 2(g) , accounting for the radical's unpaired spin, taking S 0 (e -(g) ) = 5.014 cal/(mol K) at 298 K, 33 and using tabulated  f G 0 (CO 2(g) ) = 94.25 kcal/mol 34 , we calculate the Gibbs free energy of formation, 34 we have for the C-H bond dissociation energy in Thus, for pathway A we have, •-it is difficult to attach an uncertainty to this value, but ±2.5 kcal/mol appears to be fairly conservative.
Finally, we average the two BDE estimates above to arrive at the gas-phase BDE of C-H in , which should be a sufficiently accurate approximation, we obtain, G 0 (g)  H 0 (g) = 58.9 ± 1.5 kcal/mol This value of H 0 (g) is close to 62.9 kcal/mol estimated by Tachikawa at al. 43 For the gas-to-solvent transfers with all species in solution (including the CH 3 
.
While adequate with water, these approximations should be even more accurate with the less polar acetonitrile, and after neglecting the square-bracketed terms in the above expression for G 0 (s) we have,
The net reaction between CH 3 CN is produced by vertical ionization of CH 3 CN, the deprotonation time scale will probably be comparable with the time scale of the thermal equilibration of CH 3 CN 
Here, both half-cell reduction potentials are measured against the same reference electrode (for the present purposes, we have chosen aqueous SCE as the reference),
is the free energy of gaseous H-atom formation, BDFE is the gas-phase C-H bond dissociation free energy in CH 3 CN, and all other quantities are as previously defined. Assuming as before that 
Here, pK S is the negative common logarithm of the autoprotolysis constant (K S ) of liquid acetonitrile, for which the most recent evaluations suggest pK S  33. 
Using pK S = 33. The upper reaction has been postulated to explain the electrosynthesis of 2-cyanoacetate from CO 2 and tetraalkylammonium salts in CH 3 CN that was observed in the anodic compartment of a divided electrochemical cell.
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From gas-phase DFT calculations, we estimate that the cyanoacetate product is about 20 kcal/mol lower in energy than the ketenimine product.
As we have concluded at the end of section 5, CH 2 CN The data in Figure S7 give ; see Figure S2 for k CO2 measurement), which then reduces Re to Re Figure S9 shows that k obs is practically unaffected by the 100 fold variation of CO 2 concentration. In terms of the equation for k obs above, these data mean that the term in round brackets is essentially unity at all CO 2 concentrations. There are two possible explanations for this observation. One is that k' 11  k 11 and   1; that is, the reactivity of (CO 2 ) 2
•-and CO 2
•-toward Re is very nearly the same.
However, this possibility appears unlikely. Indeed, the Re reduction is essentially diffusion- 32 We should note that this estimated value depends on particular assumptions concerning the electrochemical reduction mechanism and steady-state CO 2
•-concentration in the S26 cathodic reaction layer. Nevertheless, we believe that the k h estimate of Aylmer-Kelly at al.
should be order-of-magnitude correct and tend to think that the relative smallness of k h is responsible for the lack of [CO 2 ] dependence in Figure S9 . . In this trace, a detector-limited peak-and-trough signal observed during the first 20 ns is due to the prompt radiation-induced formation of e s -that also absorbs at the detection wavelength 20, [25] [26] [27] followed by the e s -rapid decay through its reaction with both Re and CO 2 . Therefore, only the data above 50 ns that correspond to the CO 2 Although based on the literature data we favor the latter explanation, it is clear that under the conditions of the experiments discussed throughout this paper, no appreciable amount of (CO 2 ) 2
•-can be generated.
